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Abstract:  The effects of fluoride contamination in ground water on the health of human beings are well 
known and intensive research on developing de-fluoridation methods is globally studied. Nitric acid 
activated carbon derived from Vitex negundo plant (NVNC) is probed for removal of fluorides. Nitric 
acid activated carbon derived from barks of Vitex negundo plant (NVNC) is probed for its de-
fluoridation abilities. The activated carbon is characterized adopting various physicochemical methods 
and surface morphological studies are carried out using FT-IR and SEM-EDX techniques. The effect of 
various parameters such as pH, sorbent dosage, agitation time, initial concentration of fluoride, 
temperature, particle size and presence of foreign ions on the extraction of the fluoride is studied 
adopting Batch methods. De-fluoridation is maximum at the pH: 7.0, adsorbent dosage: 4.0g/lit; 
equilibrium time: 50 min, Particle size: 45μ and temperature: 30 ± 1°C . The correlation coefficient values 
for the adsorption isotherms: Freundlich, Langmuir, Temkin and Dubinin-Radushkevich are 0.929, 
0.998, 0.980 and 0.946 respectively and for kinetic models: pseudo-first-order, pseudo-second-order, 
Weber and Morris intraparticle diffusion, Bangham’s pore diffusion. This paper presents the self study 
findings such as Maths component, Electronics components , Mechanical engineering component and 
Programming component involved in the process , purely on the basis of available related literature..   
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I. INTRODUCTION 
High fluoride levels in drinking water has become 
a critical health hazard of this century as it induces 
intense impact on human health including skeletal 
and dental fluorosis. Though fluoride is an essential 
constituent for both humans and animals, it can be 
either beneficial or detrimental to human health 
depending on the intensity of fluoride in drinking 
water . In India, the problem is common in places 
such as Telangana, Tamilnadu, Karnataka, Kerala, 
Rajasthan, Gujarat, Uttar Pradesh, Punjab, Orissa 
and Jammu and Kashmir . Free fluoride level in 
drinking water was identified at 5.01 mg/L in 
Beemarum, Hasanparthy block of Telangana. 
Fluoride survey in Hasanparthy of Telangana 
showed a positive correlation between prevalence 
of dental fluorosis in children and levels of fluoride 
in potable water is 3.24 mg/L. Adsorptionis one of 
the significant techniques in which fluoride 
adsorbed onto a membrane, or a fixed bed packed 
with resin or other mineral particles. Many natural 
and low cost materials such as red mud , zirconium 
impregnated coconut shell carbon , cashew nutshell 
carbon , ground nut shell carbon  and clays  have 
been used as adsorbents for fluoride removal from 
drinking water. Recently, amorphous alumina 
supported on carbon nano tubes, aligned carbon 
nano tubes, ion exchange polymeric fiber, and an 
ion exchanger based on a double hydrous oxide of 
Al and Fe(Fe2O3Al2O3xH2O)  have been assayed 
for removing fluoride from drinking water as well 
as industrial waste water. Thus, it is important to 
develop or find cheaper adsorbents for fluoride 
removal from water that have greater fluoride 
adsorption capacities like the above said 
adsorbents. The thermally activated carbon should 
have high surface area and strong sorption capacity 
towards various sorbates and mixed bed activated 
alumina and coconut shell charcoal. This adsorbent 
is abundantly available in all dry and wet lands in 
huge amount.  
II. MATHEMATICAL ANALYSIS 
Fluoride ion analysis 
The percentage removal of fluoride ion and amount 




















Where iC =initial concentration of the fluoride 
solution in mg/l, eC =equilibrium concentration of 
the fluoride solution in mg/l, m =mass of the 
adsorbent in grams, and V = volume of the fluoride 
test solution in liters. 
Simple C-Programming using the following inputs 
and thereby we can get the corresponding outputs for 
data analysis. 
INPUT CI –initial concentration of fluoride mg/lt  
            CE-Equilibrium 
………do……………………… 
             M – mass of adsorbent in gms  
             V – volume of fluoride in lts  
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OUTPUT 
           %R - % removal  
            QE – Amount adsorbed  
Then the output parameters are calculated using 
simple c-programming and then the data are plotted 
using excel sheets for graphical representation to 
study the physical properties. 
 
From the above graphs, we find the physical 
properties as follows:- 
The effect of various parameters such as pH, 
sorbent dosage, agitation time, initial concentration 
of fluoride, temperature, particle size and presence 
of foreign ions on the extraction of the fluoride is 
studied adopting Batch methods. De-fluoridation is 
maximum at the pH: 7.0, adsorbent dosage: 
4.0g/lit; equilibrium time: 50 min, Particle size: 
45μ and temperature: 30 ± 1°C . The correlation 
coefficient values for the adsorption isotherms: 
Freundlich, Langmuir, Temkin and Dubinin-
Radushkevich are 0.929, 0.998, 0.980 and 0.946 
respectively and for kinetic models: pseudo-first-
order, pseudo-second-order, Weber and Morris 
intraparticle diffusion, Bangham’s pore diffusion 
Electronics device to detect spring water used in 
UAE countries. 
 
This type of device is used in UAE countries to 
detect the spring water available on earth. Also the 
effect of various parameters such as pH, sorbent 
dosage, agitation time, initial concentration of 
fluoride, temperature, particle size and presence of 
foreign ions on the extraction of the fluoride is 
studied using this instrument.   De-fluoridation is 
maximum at the pH: 7.0, adsorbent dosage: 
4.0g/lit; equilibrium time: 50 min, Particle size: 
45μ and temperature: 30 ± 1°C . The correlation 
coefficient values for the adsorption isotherms: 
Freundlich, Langmuir, Temkin and Dubinin-
Radushkevich are 0.929, 0.998, 0.980 and 0.946 
respectively and for kinetic models: pseudo-first-
order, pseudo-second-order, Weber and Morris 
intraparticle diffusion, Bangham’s pore diffusion.  
These values we can get using these device .With 
the help of these values, we can find out the initial 
concentration and final concentration of fluorides 
mixed in ground water and thereby % removal of 
fluoride from water can be calculated. This device 
is user-friendly device and so technicians need 
minimum usage training and these instruments are 
designed such that desert like UAE countries can 
also make use of the devices. 
Mechnical engineering component involved in the 
process 
 
Non-Magnetic Biochar : Definition And Concepts 
Carbon is a versatile adsorbent. Biochar is a 
modified form of carbon. Biochar exhibits wide 
range of properties including presence of large 
specific aromatic surface area, porous structure and 
mineral components that makes non-magnetic 
biochar a characteristic and lucrative adsorbent. 
Chemical composition of biochar plays a vital role 
in adsorption efficacy. Surface chemical 
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composition and properties varies with pyrolysis 
process, pyrolytic temperature, heat transfer rate, 
particle size distribution, reactor configuration, and 
feedstocks used. Carbon content in biochar is 
directly proportional to pyrolytic temperature, 
while nitrogen, hydrogen, and oxygen content are 
inversely proportional to pyrolytic temperature 
(Ahmad et al., 2012). At higher temperature 
surfaces of biochar are more aromatic (phenolic, 
hydroxylic and others) and less hydrophilic. 
Functional group density increases with the 
increase of oxygen-carbon ratio (such as hydroxyl, 
carboxylate, and carbonyl), that contribute to 
higher cation exchange capacity (CEC) for the 
biochar 
Non-Magnetic Biochar – A Potential Fluoride 
Adsorbent 
Biochars are obtained from a large number of 
organic residues such as solid wastes, corn stover, 
woods, animal litters, crop residues etc. Production 
of non-magnetic biochars is effected through 
pyrolysis of feedstocks. Various thermochemical 
processes such as slow pyrolysis, fast pyrolysis, 
hydrothermal carbonization (HTC), flash 
carbonization, torrefaction and gasification gives 
rise to different forms of biochars. Slow pyrolysis 
generally produce non-magnetic biochars. Amongst 
the various non-magnetic biochars, corn stover ma 
be the ideal precursor for fluoride removal. In 
India, use of corn stover biomass has been initiated 
as the basic feedstock for biochar production. The 
dried biomass is then segregated into 10–15 mm 
small pieces. Pyrolysis is then done for the non-
magnetic corn stover biochar at 500oC in reactor 
vessel, maintaining slow speed. In the above 
process, bio-oil is collected in a separate vessel at 
the time of biochar production. Corn stover is 
removed with an inert gas in a muffle furnace. For 
half an hour, the biomass is pyrolysed by 
maintaining a temperature of around 500oC. The 
biomass is then cooled after half an hour. In 
another apparatus the biochar collection is carried 
out. The non-magnetic corn stover biochar, thus 
produced, is then kept in air tight container for 
detailed characterization and sieving into the 
desired mesh size. 
Applicability Of Biochar In Water Treatment 
Non-magnetic corn stover biochar is not only 
familiar for fluoride removal, but for other organic-
inorganic pollutants as well. Efficacy of fluoride 
adsorption through biochar is inversely 
proportional to pH. Adsorption efficacy of non-
magnetic corn stover biochar is optimum at pH 2.0. 
At such pH, some of the surface functional groups 
undergoes protonation and adsorption efficacy 
remains higher, but at higher pH it acts reversely. 
But the efficacy of fluoride adsorption through 
non-magnetic corn stover biochar is noteworthy. 
Result shows that fluoride adsorption rate of non-
magnetic corn stover biochar are quite satisfying 
and after treatment fluoride concentration in treated 
water remains within permissible limits. The 
removal efficiency depends largely on conditions 
like temperature, pH, biochar dosage, etc. Non-
magnetic biochars contain both acidic and basic 
sites with various types of functional groups like 
hydroxyl (OH), aldehyde (RCHO), carboxylic acid 
(RCO2H), ketone (RCOR), ether (ROR), 
anhydride, quinine (C6H4O2), lactone, pyrone, 
catechol, hydroxyketone and much more. Many of 
these groups are hydrophilic as well as 
hydrophobic and some of these groups like 
anhydrides, lactones, quinones and ether do not 
adsorb fluoride due to the presence of lone pair of 
electrons . 
Proposed Domestic Filter With Biochar Fixed 
Pack 
A prootype filter may be designed based on the 
above biochar. The filter will be a single column 
and made up of stainless steel or by galvanized iron 
sheet. It need to have a single outlet for collection 
of treated water sample. The filter media may be 
packed in three layers: The fixed pack formed of 
non-magnetic corn stover biochar will remain 
sandwiched between two unsorted gravel layers at 
the top and bottom. The lowermost layer will be 
the unsorted gravel layer that acts as a filter bed, 
and the topmost layer is the protective zone for the 
biochar layer underneath to prevent contamination. 
Water percolates through the uppermost gravel 
layer and comes in contact with the non-magnetic 
corn stover biochar layer, wherein adsorption 
starts. Flow rate of water is a vital factor in such 
studies. If the contact time of water with non-
magnetic corn stover biochar increases, the 
adsorption efficacy also increases. The flow rate is 
proposed to be kept at an average of 30 ml/ min. 
III. CONCLUSIONS 
Nitric acid activated carbon derived from barks of 
Vitex negundo (NVNC) plant is found to be an 
effective adsorbent for the de-fluoridation of water. 
The adsorption process is satisfactorily fitted with 
Langmuir adsorption isotherm with good 
correlation coefficient value and it indicates 
monolayer adsorption . The procedure developed is 
remarkably successful in de-fluoridation of real 
ground water samples. The percentage removal of 
fluoride ion and amount adsorbed (in mg/g) were 
calculated using the mathematical equations. 
IV. ACKNOWLEDGEMENTS 
The author thanks Dr.S.Sridhar, Professor and 
Director, Cognitive & Central Computing, 
R.V.College of Engineering, Bangalore, India for 
communicating this article to this Journal for 
publication. The author also thanks Dr.B.V.Uma, 
   Sahana. S* et al. 
  (IJITR) INTERNATIONAL JOURNAL OF INNOVATIVE TECHNOLOGY AND RESEARCH 
Volume No.4, Issue No.1, December - January 2016, 2748 – 2751. 
2320 –5547 @ 2013-2016 http://www.ijitr.com All rights Reserved.  Page | 2751 
Professor and Head, Department of ECE, 
R.V.College of Engineering, Bangalore, India 
forthe support given.  
V. REFERENCES 
[1]. Fang, Q., Chen, B., Lin, Y. and Guan, Y. 
(2014). Aromatic and hydrophobic surfaces 
of wood-derived biochar enhance 
perchlorate adsorption via hydrogen 
bonding to oxygen containing organic 
groups. Environ. Sci. Technol., 48, 279–288.  
[2]. Kim, W.K., Shim, T., Kim, Y.S., Hyun, S., 
Ryu, C., Park, Y.K. and Jung, J.(2013). 
Characterization of cadmium removal from 
aqueous solution by biochar produced from 
a giant Miscanthus at different pyrolytic 
temperatures. Bioresour. Technol.,138, 266–
270. 
[3]. Kumar, S., Loganathan, V.A., Gupta, R.B. 
and Barnett, M.O.(2011). An assessment of 
U (VI) removal from groundwater using 
biochar produced from hydrothermal 
carbonization. J. Environ. Mgmt., 92, 2504–
2512.  
[4]. Mohan, D., Sharma, R., Singh, V.K., Steele, 
P. and Pittman Jr., C.U. (2012). Fluoride 
removal from water using biochar, a green 
waste, low-cost adsorbent: equilibrium 
uptake and sorption dynamics modeling. 
Ind. Eng. Chem. Res., 51, 900–914.  
[5]. Tan, X., Liu, Y., Zeng, G., Wang, X., Hu, 
X., Gu, Y. and Yang, Z. (2015). Application 
of biochar for the removal of pollutants 
from aqueous Solutions. Chemosphere, 125, 
70–85. 
[6]. Yuan, J.H., Xu, R.K. and Zhang, H. (2011). 
The forms of alkalis in the biochar produced 
from crop residues at different temperatures. 
Bioresour. Technol., 102, 3488– 3497.  
[7]. A. Tor; N. Danaoglu; G. Arslan; Y. 
Cengeloglu. J. Hazard. Mater., 2009, 164, 
271–278. 
[8]. G. Alagumuthu; M. Rajan. Rasayan J. 
Chem., 2008, 4, 757–765. 
[9]. G. Alagumuthu; V. Veeraputhiran; M. 
Rajan. J. Hazard. Mater., 2010, 
doi:10.1016/j.jhazmat.2010.07.008. 
[10]. G. Viswanathan; A. Jaswanth; S. 
Gopalakrishnan; S. Siva ilango. Sci. Total 
Environ., 2008, 407 (5), 1579–1587. 
[11]. M .G. Sujana; H.K. Pradhan; S. Anand. J. 
Hazard. Mater., 2009, 161, 120 – 125. 
[12]. Monal Dutta, Tanumoy Ray, Jayanta Kuma; 
Archives of Applied Science Research, 
2010, (4): 170-185. 
[13]. R. Sai sathish; N.S.R. Raju; G.S. Raju; G. 
Nageswara Rao; K. Anil Kumar; C. 
Janardhana. Sep. Sci. Technol., 2007, 42, 
769–788. 
[14]. Sarita Sinha; Kavita Pandey; Dinesh 
Mohan; Kunwar P. Singh. Ind. Eng. Chem. 
Res., 2003, 42, 6911–6918. 
[15]. Veerati Radhika; Proc. Natl. Acad. Sci., 
India, Sect. A Phys. Sci. 2014, 
[16]. Y.H. Li; S. Wang; X. Zhang; J. Wei; C. Xu; 
Z. Luan; D. Wu; Mater. Res. Bull., 2003, 
38, 469–476. 
